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6. Brief Descriptor of Objective* or Specific Ainu: 

■ r --L The major objective of this proposed research is to assess the possible role of 
nicotine in detemining the tonporaL character of memory consolidation in experimavfcal 
• f ;;~? animal's. The proposed ejqperiments present an attempt to relate the effects of nicotine 
; ; ^in the central nervous system to the behavioral processes which are dependent upon such ' 
.^3-central events^-^specifically, the effect of nicotine on train amine concentration and 
^^^|tvtniover will be*related- to the process of msnory consolidation (the process by which the T^J- 
memory trace- becomes fixated in the central nervous system] this may be empirically de- —W 
fined in terms of the time interval following learning within which, memory for sn acquired ^ 

’ a^?V event may be di-srupted by the introduction of external agents and/or events). Since the r ^r 
^ previous work in this laboratory has demonstrated that the temporal course for meaory 
way be shortened or lengthened* depending upon: changes brought about in 
; ^^^BrHIr^anahe‘levels7 specifically serotonin, the studies proposed herein are based upon 
f *&s5miiptron'that nicotine-induced changes in brain- anine levels will constitute the • * ■ *. 

basis upon-which monory consolidation-may be facilitated. The parameters to be con- 

; --sidgredlin^the propo sed studies are nicotine dosage and the intensity of the amnesic 

\ . v event which, for the present experiments, will be electroconvulsive shock. A one-trial 

f ; . u-%. conditioning technique will be utilized to establish a passive avoidance response, the 
; retention of which-will be tested, based upon the interaction of the effects of nicotine 

; on the central nervous syston and the effects of electroconvulsive shock both on the 
» , central nervous system as well as an amnesic event specific to the behavior concerned 
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7 X Giveo BriefSiafementofyourV/orking HypotHesU; Memory consolidation, as defined by the post>conditioning 
time interval, within which retention of a conditioned response may be disrupted by electro¬ 
convulsive shock, will be facilitated through- the prior administration of nicotine. Such 
facilitation will be defined by a reduction in the time interval following learning, wherein- 
electroconvulsive shock results in a subsequent retrograde annesia for the conditioned 
behavior. _ . . 
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8* Details of Experimental Design and Procedures: 
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*v- All experiments will be based upon the use of a. reliable technique which pro 
^L^gvides for the establishment of a conditioned passive avoidance response in mice. 
^^ ^ytiliaing a single training trial (Essman & Alpern, 1965). The apparatus basically 
^^ficonsi sted of a small transparent lucite chamber fixed to a hole opening into a 
j gp iSlarger .opaque chamber. The floor of the opaque chamber consisted of stainless steel 
^MM-grids which were wired in series through a cam-operated grid scrambler to a 9S> jolt 
|||i|§5.power supply. Completion of the circuit by an animal stepping from the outer chamber 
|| |^ p:into the inner one, through any 2 adjacent grids, provided for a 3.2 raa. shock 
||g||§£’'delivered throu^i the paws of the animal for 1 sec. The interval between placement 
lll^frof the animal in the outer chamber and its entry into the larger adjacent chamber 


Sg|8 |^ff' All animals utilized in the proposed experiments will be male, CP-1 strain mice 
p p p^ CMus Husculus ), to be obtained from a commercial!, vendor (Carworth Farms, Inc.) at 
weaning (21 days), and Allowing adaptation to conditions of laboratory housing 
(10 animals ter cage), will be utilized as experimental subjects at approximately 
MM:30days or age. 1 ';• 



■£■■■ consolidation; the latter will be determined from the incidence of 




-3. The effect of nicotine sulfate on the incidence of conditioned response 
^ acquisition as a function of conditioning stimulus intensity. , 

The effect of nicotine sulfate on the incidence of conditioned response 'Wti M 
'^^^0;^'-. •-.^■retention as a function of the intensity of the amnesic stimulus (ECS).^^ ^g 

- I 11 the first series of experiments nice tine sulfate will be administered i.pJ^ l85B 
ffr^lp’to mice in dose ranges of 0.2f> mg/kg to 2,00 mg/kg (larger doses would not be 

indicated in view of neurotoxic effects). Control groups will be given an equivalent^ 
3j^pg£;i«p» volume of 0.9^ saline. Each group will be given a single training trial one hr .^g| 
post-injection (stable CMS stimulant effect reached)' in the apparatus described above^ 
.^/t' : v_utilizing a 3.0 mA, 3 sec. training shock (yielding approximately 1005? conditioned 

response acquisition) 1 , followed either immediately, 3, 10, 15>, 20, 30 , or 60 min.^*j 
hy a 10 mA electroconvulsive diode (ECS), applied transcorneally for 200 msc. 

-. 'e (sufficient to produce approximately 100£ retrograde amnesia in control mice, when S- 
.i '-i applied immediately post-training). A testing trial will be given to all groups of 2 
v"mice 2h hrs. following the training trial. Conditioned response retention will be 

f evaluated on the basis of response latencies in the testing, trial (L 30 sec.) and yj 
. retrograde amnesia will also be defined in terms of the absence of conditioned 
■ response as determined from latency measures (L ^ 5> sec.). Control groups, both' 

drag and saline-treated 1 , as described above, will be given no conditioning shock 

■; .. followed at the appropriate intervals by ECS, conditioning shock with subsequent 

sham-ECS (corneal electrodes applied, but no current passed), and no conditioning ® 
shock and sham-ECS. The outcome of the control group treatments is expected to be 
very similar to that obtained in pilot studies reported in the preliminary supporting 
data appended to this application. The data resulting from the proposed experiments ■: 
will allow for conclusions regarding the dose-response relationship for nicotine .. 

• sulfate and the rate of memory consolidation, determined from the incidence of •. ' 
reduced retrograde amnesia induced by ECS. Also, the temporal gradients for ECS- 


mik 
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i^ feocctfiring as a function of the training electroshock time interval. From preliminary 
it appears as though the gradient is appreciably shortened when animals have 
g\been pretreated with nicotine sulfate. ‘./The results of the proposed studies should 


second series of proposed experiments will concern the effects of nicotine^ 
^^^^,suifate, to he utilized in the dose range specified above, upon the acquisition and J| 
’ retention of conditioned avoidance behavior as a function of (a) conditioning As.iijp? 


8 stimulus intensity (1.0, 2.0, or 3.0 mA) and (b) post-training ECS intensity (5.0, ^ 
|^^10.0, or 20.0 mA). The incidence of conditioned response acquisition and the dura-^ 


p- ^ 


• % i#W 


raAj applied through the grid floor upon successful completion of the response. 

.Control animals in this situation will be given no conditioning shock. Ibr each of 
these conditions a post-training electroconvulsive shock will be given at 5.0, 10.0 
•^br 20.0 mA, either immediately following the training trial or at 10, 20, 30, or 60 
:-^^:«iinites following the training trial. All animals will be tested for acquisition : i 
of the conditioned response as a function of the pre-training dosage of nicotine 
. sulfate (0»25 mg/kg to 2,00 mg/kg), 2k hrs. following the training trial where the 
. i &v&p conditioning shock was varied. These data, for the effects of the drug upon re- ; 

^ en ^- on ' as a function of the conditioning shock intensity, will be available from 
7 ^^»p-the non-convulsed control animals for which a saline-injected group will serve as a 
control for the drug dosage. Data relevant to the issue of post-training ECS 
*%£#■;;-intensity and the incidence of retrograde amnesia as a Auction thereof will 
TfS&t determined from nicotine sulfate and saline-treated groups given these injections 

one hour prior to the training trial. The testing trial will again be given 2U hours^||j 

• «■ ---- * '■* •*'£'^ v w wuv cu: gxauxcxiu j_vji icbiugxduc aiuiicoxa ao a, xuu^ t/xull 

of an intensity of the amnesic event, electroconvulsive shock, may be made. On the 
..‘V. basis of pilot studies it is anticipated that nicotine sulfate will reduce the 

••••' temporal gradient for the amnesic effect of electroconvulsive shock, and that such 

. ..a reduction will be a function of decreased ECS intensity as well. . \ 

• ■ ■" . . ‘ « •*,.’* ’ *'* . ■-*" - , • 

4 Another series of experiments will be concerned with the biochemical effects 
■ v : nicotine sulfate in the dose range which proves to be effective in facilitating 

memory conp lidatuon, as determined from the experiments outlined above. Those ' : r : 

specific biochemical changes with which the experiments will be concerned will deal 
primarily with' the biogenic amines serotonin (5-hydroxytryptamine) and norepinephrine, 
as well as the substrates to which these amines are related. Since preliminary data 
has suggested that in the strain of mouse used there are no appreciable changes over 
( ... ^ norepinephrine, this observation will again be verified experimentally and 

the majority of the chemical determinations to be carried out will concern themselves * 
with serotonin metabolism; in this connection-, 5-hyiro^ryptophane, the serotonin 
precursor and 5-hydroxyindoleacetic acid, the serotonin metabolite, will be assayed. 
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Several experiments completed "in this laboratory have indicated the feasibility 
L ^e experiments proposed. The first of these studies was a series concerned with 
ll®|fcip?the acquisition by mice of a simple maze response requiring a choice discrimination 

order to escape from a water maze. Groups of animals were given either 0*9# saline^|| 
mg/kg, 0.50 mg/kg, or 1.00 mg/kg of nicotine sulfate, intraperitoneally. tl*> min.** 1 "* 


1.00 mg/kg of nicotine sulfate, intraperitoneally. ; .15> min. ^^ 

■ gfbllowing injection all animals were given training trials spaced at 15-min. inter-^^^ 
?vals in a water maze. Their escape 'times and incidence of errorless performance in'J&jSSm 


acquisition of the escape task were recorded* -When the escape times for all 
J||l£|Mjgxoiips of animals were linearly transformed across all trials in order to derive a 


decrement score indicative of the rate of maze acquisition, 
'.rj&jMr/r statistical significance was that comprised of those mice « 



., the only group reaching 

significance was that comprised of those mice which were given 1.00 mg/kg J| 
£. of nicotine sulfate lf> min. prior to the first training, trial (t = 1.92; p < . 05 )'^ 

"Jiii a __ t — t ___ jr* -l t .• • j r» _n ^ _ _i_ l 


comparisDn between groups for the incidence of errorless performance throughout 


T w tr - -----x----o- . 

the acquisition of the escape response indicated that there was a significant differ- : :nH" 
ence between groups in errorless performance and that this significance was largely 

j—•*->-------li-— -—•>- 


^^accounted for by the high incidence of errorless performance among those animals 
receiving 1.00 mg/kg of nicotine sulfate Q[£ * 2u9S»> df = 1, £<.02), "There was 
incidence of errorless performance among animals treated with 1.00 mg/kg of 
.^^^Vaicotine sulfate, as compared with an average of 28# errorless performance among 

‘ the other groups in this study. These findings suggested that 1.00 mg/kg of nicotine 



Subsequent studies were concerned with the effect of a 1.00 mg/kg 
niootine sulfate in relation to the memory consolidation process. In these studies 
animals were treated with either nicotine sulfate or physiological saline 60 min. : 
prior to being given a single training trial to establish a conditioned avoidance 
*PSt\ re ^P 0Tlse * tosdHitto trial was followed immediately by a 10 mA electroconvulsive ^ 
fS^^'shock administered transcomeally for 200 msec,; 2h tars, following the training ;; 
•^ : ^|iftrial all animals were tested for the incidence of retention and/or retrograde C; 
v^^^iwnesia* Saline-treated animals showed between 90# and 100# incidence of retrograde 
:fS£amnesia, as defined by the absence of any conditioned avoidance behavior, whereas *0$^ 
approximately 66# of the nicotine sulfate-treated' animals showed retention of the 
^.^ conditioned avoidance response, with the remaining 3k% showing the same retrograde 
amnesia for the conditioned avoidance behavior, as was shown by almost all of the 
isaline —treated control animals. This finding suggested that the amnesic effect of 
^//. electroconvulsive shock was either attenuated by nicotine sulfate treatment or that ’•.iv®,. 

the time interval required for fixation of the memory trace was appreciably shortened : - 
,-y- through the effects of nicotine sulfate and was thereby less vulnerable to the amnesic 
effects characteristically exerted by post-learning electroconvulsive diock. The 
first alternative suggested by these data does not seem to appear dependent upon any 
alteration in the threshold to convulsion produced by electroshock since, for the 
dosage used, independent experiments established that for electroshock, varied from 
5 through 20 mA, there was no alteration’ in the incidence of a full clonic-tonic 
convulsion' following such electroshock administration at intervals from lf> min. to 
60 min. after injection of 1.00 mg/kg of nicotine sulfate. • ^0035469*71. 

In another study where the interval between administration of 1.00 mg/kg of 
nicotine silfate and the training trial, immediately followed by electroshock, was 
varied from 15 min. through 60 min., the data indicated that only when the oompound 
was administered 60 min. prior to conditioning trial did a significant (n <.01) 

;^KindLdence of conditioned response retention occur. These data were consistent with 

that oo mparable 


4- -t * ... 
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^supporting the observation that nicotine sulfate exerts a peak effect upon memory 
consolidation when its central action occurs one hr. following, administration of y«£? 
mSI.OO mg/kg to mice. This observation is supported by some biochemical data in which, 
p|?'for saline-injected animals or mice treated vith 1#00 mg/kg of nicotine sulfate at * 
fe"'various intervals Dreceding the removal of brain tissue, whole brain serotonin snd. 
f^norepinephrine were extracted and assayed spectrofluorometrically. Contrary to a^- 
~recent report (Westfall, T.C., et al. Effect of nicotine and related substances ^ 
.upon amine levels in the brain# Ann # N#Y # Acad # Sci #^ 19&7* 83-100) no changes 

in norepinephrine were observed as a function of post-injection time up to 60 min* ^ 
Hffpost-injection, whereas whole brain serotonin did generally show a trend toward a 
■-fpnv<inpn +. as a function of time. These data and the behavioral data previously .-3 





Mean Whole Brain. Serotonin Concentration, and Per Cent - 
- Incidence of Conditioned Response Retention after Electro- _ 

shock for Mice given 0.9$ Saline or 1,00 mg/kg of Nicotine -.0^^ * v 

Sulfate at. Varying Intervals Prior to Conditioning. - 

*•<.**£■ ■* •/ • ' - - . • • * - ^ *:■ 

■ .. • _ " _ - ■■',%{ 

" ““ • Per Cent Incidence 

‘ ’ ' 'Mean Whole ' : of CR Retention 

/ v Condition u**—4.*. CAw>4>Annn * ^ vns. 



' Mean Whole 
Brain, Serotonin 


of CR Retention 
after ECS, 




m&m 


0.9$ Saline 

•' -0.677 ' 

Nicotine Sulfate 

■ ; 7;-’- 

(1.00 mg/kg) 


-v ■ 15 min,. 

0.676 

v 30 min. 

0.688 

U5 mino 

.. V 0.655 • 

min * 

0.6U0 
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'These data are consi stent with a previous suggestion (Essman, W.B. Changes in 
^memory consolidation with alterations in neural RNA. Proc . Coll . Int . Neuro- . J-t-V 
psychopharm., 1967, 108-113) that a reduction in brain serotonin level or pharraacol 
ogicaLly-imposed limitations on the rate of serotonin, turnover in the brain tend 
-. to limit the degree to which amnesic agents or events become effective in imposing 
* a retrograde amnesia, and, that these observations may be interpreted as a facilita 
v tion of the menory consolidation process whereby the time interval following learning 
vwherein the menory trace is normally vulnerable to the disruptive effects of known 
amnesic agents or events, is appreciably shortened by those conditions which tend -*y 
7 to lead to a reduction in or limitation on the activity of brain serotonin. It is. 
felt, that nicotine sulfate is one such agent which, at the dosage utilized, provides 
for a wide margin of safety insofar as neurotoxic effects are concerned. 
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